Twenty labile hypertensive patients and their age-matched controls were studied at rest and during five levels of treadmill exercise. Intra-arterial blood pressure 
IN ACCORD with the final recommendations of the Second National Conference on Cardiovascular Disease hypertensive research group,' we have thought that one of the most important pathways for future study in this field should be the examination of blood pressure and other hemodynamic responses of hypertensive patients under varied conditions. With few exceptions, investigations of this nature have been primarily oriented toward those individuals with fixed and usually severe levels of hypertension. The paucity of data that exists relating to labile hypertension has largely been collected Supported by Vermont Heart Association Research Grant AG-65-31-1 and in part by Research Grant from resting studies, and has left many questions with prognostic and therapeutic implications essentially unanswered. Among the more interesting of these are the following: 1 . Is an office blood pressure reading taken at rest in any way indicative of the blood pressure levels that a labile hypertensive will experience during his daily activities? 2. Is it valid to classify labile hypertensive patients on the basis of their resting cardiac output? 3. What is the pattern of hemodynamic response to exercise in labile hypertensive subjects-is there a homogeneity of response or marked individual variation? 4. What, if any, are the hemodynamic compensations for increased blood pressure under the demands of physical activity?
The present study was undertaken in an attempt to answer some of these questions. A group of 20 young, untreated labile hypertensive subjects and their age-matched normal controls were studied at rest and during graded upright exercise with measurement and calculation of several hemodynamic parameters. Results are presented as well as conclusions concerning possible pathways for fuirther fruitful study in this entire area.
Methods
The hypertensive patients were 20 white men aged 10 to 41 years who had been enrolled in the Outpatient Hypertension Clinic of the Mary Fletcher Hospital or referred to the Cardiopulmonary Laboratory from practicing physicians in the area. They were selected because clinical measurements of diastolic blood pressure had varied in each individual from less than 90 mm Hg to greater than 100 mm Hg. Fourteen of these men evidenced repeated elevation of diastolic blood pressure above 90 mm Hg but became normotensive during hospitalization or, infrequently, during office visits. Antihypertensive therapy had been employed at one time in 13 of the group, but at the time of study all subjects had been without medication for a period of at least 3 months, with the exception of two who had interrupted therapy 4 In addition to the above, the following variables were measured or calculated. The first derivative of the arterial pressure pulse (dp/dt) was measured from a resistance-capacitance circuit (time constant: 1.1 msec) in the recorder's SGM-2 pressure amplifier and was in turn recorded via a DC amplifier with a frequency response range of 0.1 to 2,000 c/s. Calibration of the derivative was accomplished by means of an instrument devised in this laboratory3 for generation of truly linear ramps and thus accurate derivative measurements. Blood pressures and derivatives were recorded at paper speeds of 200 and 100 mm/sec with superimposed 0.02 second time lines. From the photographic records measurements were made of peak systolic dp/dt and ejection time (ET). Although it has been considered impractical to attempt measurement of ET durin-g exercise because of difficulty in delineating onset of both systolic upstroke and dicrotic notch, this problem was circumvented through use of the dp/dt tracing for timing at the points of initial and secondary positivity ( fig. 1) Of the 20 hypertensive subjects 10 exhibited diastolic blood pressure greater than 90 mm Hg while resting recumbent at the start of the study. During exercise an additional six subjects evidenced diastolic hypertension. The remaining four men in this group, despite frequent previous recordings of diastolic hypertension clinically, maintained normal diastolic blood pressure throughout the present study. Only one control subject's diastolic pressure exceeded 90 mm Hg on a single occasion during strenuous exercise.
Mean values for systolic, diastolic, and mean direct arterial blood pressure in the hypertensive group while resting recumbent were 159/89 (114) mm Hg, and the figures for the corresponding control group were 130/70 (89) mm Hg. During peak exercise the pressures for the hypertensive group were 198/93 (127) mm Hg and for the controls 165/74 (107) mm Hg. As seen in figure 2 , the two groups demonstrated practically parallel pressure alterations during the study. The statistically highly significant pressure differences seen between the two groups at rest remained constant through all exercise levels.
Heart rate, cardiac output, and stroke volume did not differ significantly in the two groups either at rest or during exercise. Employing the normotensive subjects' mean value plus two standard deviations of cardiac index as the criterion for a high resting index (5.32 L/min/m2), only three of the group with high pressure may be categorized as "high output, low resistance" labile hypertensive patients. One control subject also demonstrated this phenomenon. At the three highest exercise levels corresponding to oxygen uptakes of 2,182 to 2,965 ml/min, the hypertensive group maintained higher levels of cardiac output and stroke volume than the control group, although the differences were not statistically significant. Whereas Mean rates of left ventricular ejection were identical for the two groups at rest and, with only one exception, very similar during exercise. During the 12°-inclination walk, the hypertensive subjects had a higher stroke volume response and demonstrated their ability to expel this volume at a more rapid rate despite a comparatively prolonged ET. Seven of the hypertensive group evidenced consistently high MRLVE. Of these, three were the men with short ET and four were producing relatively high stroke volumes.
No significant difference in maximal upstroke velocity of the pressure pulse existed between the groups either at rest or during any exercise period. It was apparent that maximal dp/dt increased in linear fashion with respect to work load up to oxygen utilization levels of 2,600 to 2,700 ml/min. Beyond this point no further rise of pressure derivative was recorded in either group. Both categories of subjects effected the major single increase in maximal dp/dt immediately on initiation of exercise with comparatively small subsequent enhancement of peak values.
Eight hypertensive men achieved maximal dp/dt values of greater than 2,500 mm Hg/sec at a minimum of one exercise level. Of these, six had simultaneously increased MRLVE (600 ml/sec). Furthermore, of seven men with high MRLVE, only one did not have an elevated maximal dp/dt. Thus, out of a group of nine subjects with either alteration, six had both ( fig. 3) . Referring again to the six men with abnormally shortened or prolonged ETI, a constant inverse relationship between dp/dt and ETI is observed. These abnormalities in duration of ejection represent, therefore, the major factor effecting the close correlation of Maximal dp/dt -Ascending Limb of Systolic Pulse Relationship of each hypertensive subject's maximal peak dp/dt to simultaneous calculated mean rate of left ventricutlar ejection. Max. dp/dt= maximal first derivative of arterial pressure pulse.
MRLVE and maximal dp/ these responses with a dissipation of any resting anxiety effect while absorbed in the exercise procedure. It is important to emphasize that not a single hypertensive subject evidenced a significant tendency toward exercise pressure normalization once hypertensive levels had been achieved.
On the basis of resting cardiac output determinations from several studies i--1 a categorization of labile hypertensive patients has been established according to the presence of either high output with low vascular resistance or normal output with high resistance. The reported incidence of the former phenomenon varies from 33 to 82%. It has even been postulated that such a high-output labile state may represent a more benign form of hypertension with a better prognosis,9 although subsequent data from the same patients seem to contradict this hypothesis. 10 In view of the frequent occurrence of often marked fluctuations in serial resting cardiac output values for any given individual, the validity of subclassifying labile hypertension from such data should be questioned. Certainly, conclusions asserting that a hypertensive patient had changed his classification and prognosis by a change in resting cardiac output are unwarranted. The three "high output" hypertensive subjects in the present study displayed an exercise cardiac output response well xvithin the range of variability observed in the remainder of the group. This finding suggests in a more positive manner that resting cardiac output estimations should not be employed for classification and/or gradation of the severity of labile hypertension.
Although neither a clear delineation of the two groups nor a subelassification within the hypertensive group could be made on the basis of the present cardiac output data, interesting differences were noted in results from pressure pulse wave analysis. It has been reported14 that changes in ejection time may give valuable information about myocardial status, being sufficiently sensitive to detect an effect of digitalis administration, even in normal subjects.1' Precise measurements have been difficult to make from exercise pulse wave recordings because of the relatively slow slope changes at the onset of systole and dicrotic notch under these conditions. However, the points of initial and secondary positivity of a simultaneously recorded first derivative of the pressure pulse clearly define the ejection interval ( fig. 1) .
Six of the hypertensive subjects demonstrated distinctive changes in ejection time during the exercise studies ( fig. 4 and 5) . as compared to the control group's mean values plus or minus two standard deviations. Of these, three had abnormally short ejection times ( fig. 4) , and, excluding the four men who were normotensive throughout the study, they were the only members of the hypertensive group with near-normal TTI. If it is true that TTI is a major determinant of left ventricular oxygen consumption,"6 these men Abnormally shart ejection-time index related to simultaneouisly measured peak dp/dt in three hypertensive subjects. Lower line represents normal group's mean data. Figure 5
Prolonged ejection-time index relative to simultaneously measured peak dp/dt in three hypertensive subjects. figure 3 where each hypertensvie subject's highest peripheral dp/ dt is related to the simultaneously derived value for MRLVE. The correlation of these two parameters for all measurements is similar in these two groups of young men (r 0.60 and 0.54) despite probable significant differences in the functional state of their respective peripheral arterial beds.
